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Growth, as a biological phenomenon, is controlled by complex mechanisms, acting in para-, endo-and autocrine ways. They play a key role in growth regulation, together with growth hormone (GH) and growth hormone receptor (GHR), among others. All those proteins play a role as factors in a series of events which can be described as a somatotropic axis (Renaville et al. 2002) . GH plays a key role in postnatal growth and it regulates many biological functions, such as muscle mass deposition. It acts by binding with GHR, which causes dimerization and initiates a signalling cascade, activating the JAK-STAT pathway resulting in the expression of genes such as IGF-2 (Frank 2001 ).
In recent years, our knowledge of the genetic basis of physiological processes in both humans and animals has expanded. Therefore, current animal husbandry can be described as a result of the environment and nutrition that interact with the genetic value of animals. Successful implementation of genomic selection in dairy cattle leads to the increase in annual rates of genetic gain by 50-100% for lowly heritable traits like female fertility and herd life (Weller et al. 2017) . Those results can be encouraging for conducting further investigations into major gene polymorphisms, and the influence thereof on major traits in other animals. Rabbit is one of the species that play an https://doi.org/10.17221/27/2019-CJAS important role as a meat supplier. Meat from rabbits exhibits a desirable protein content as well as essential amino acid proportions. Moreover, the effectiveness in dietary manipulation, combined with a promising improvement of oxidative stability of rabbit meat with its "functional" properties, qualify rabbit meat as one of the most precious sources of meat (Pla et al. 2004; Dalle Zotte and Szendro 2011; Dalle Zotte et al. 2016; Martins et al. 2018) . Besides commercial breeds, there are many valuable local breeds (Nagy et al. 2011; Chodova et al. 2014 ), e.g. the Belgian Giant Grey -a large breed, but there is insufficient information about their growth and carcass traits.
Molecular markers can be used to enhance selection accuracy, and therefore they improve genetic gain for important economic traits, such as slaughter weight and carcass weight. So far limited research has been conducted when single nucleotide polymorphisms (SNPs) were identified within candidate genes for important traits. For growth traits, polymorphism associations were found within the growth hormone (GH) gene (Fontanesi et al. 2012) , the growth hormone receptor (GHR) gene (Zhang et al. 2012) .
With the view of the importance of confirming the impact on economic traits, and a possibility of excluding their negative effects on other economic traits, we decided to analyse the effect of SNPs within GH, GHR on growth traits and carcass traits in three rabbit breeds: Termond White, Belgian Giant Grey and F2 crossbreed between New Zealand White and Belgian Giant Grey.
MATERIAL AND METHODS

Animals.
In the present study, we analysed data from 379 animals: 190 crossbreeds of the F2 generation of New Zealand White × Belgian Giant Grey (NZW × BGG); 129 Termond White (TER) and 60 Belgian Giant Grey (BGG) rabbits (bucks to does 1 : 1). Animals were kept in a heated hall, furnished with water supply (nipple drinkers), lighting (14 h light : 10 h darkness), and exhaust ventilation. Water and feed were available ad libitum. Animals were fed a pelleted commercial diet, containing 15% crude protein, 16.1% crude fibre, and 3.5% crude fat.
Growth traits. Litters were weighed after birth (BW). The rabbits were weaned at week 5 of life (W5), and slaughtered at week 12 of life (W12).
Slaughter traits. The animals were slaughtered after 24-hour fasting, under a permission from the II Local Ethics Committee in Krakow (No. 37, 30 th May 2016). Slaughter body weights (SW) were recorded. The rabbits were stunned and immediately bled, pelted and eviscerated. Post-mortem data was recorded, including hot carcass weight without head (HCW), and chilled carcass weight (CCW) after a 24-hour storage at 4°C. Weights of the fore part -FP (cut behind the last rib), the intermediate part -IP (cut at the last lumbar vertebra) and the hind part -HP (includes back legs and sirloin) were recorded, and all carcass parts were dissected. Weights of the fore part meat (MF), fore part bone (BF), fore part dissectible fat (FF), intermediate part meat (MI), intermediate part bone (BI), intermediate part dissectible fat (FI), hind part meat (MH), hind part bone (BH), and hind part dissectible fat (FH) were recorded. Hot (DPH) and cold (DPC) dressing percentages (%) were calculated: DPH = (HCW/SW) × 100, DPC = (CCW/SW) × 100
Blood collection and DNA extraction. DNA was extracted using a GeneMATRIX kit (EURx) from 300 µl of blood collected at slaughter into tubes containing EDTA.
PCR and RFLP conditions. Genotyping of GH polymorphism c.-78C>T (Fontanesi et al. 2012) , GHR polymorphism c.106G>C (Zhang et al. 2012) , was carried out using a polymerase chain reaction-restriction fragment length polymorphism technique (PCR-RFLP). For the analysis, DNA fragments were amplified using GoTaq ® G2 Hot Start Polymerase (Promega, USA). About 80 ng of template DNA were added to the Master Mix and filled with nuclease-free water to a target volume of 15 µl. For GH polymorphism primers and PCR-RFLP conditions were prepared according to Fontanesi et al. (2012) . For SNP within the GHR gene, we developed a PCR-RFLP method where for C allele enzyme HinfI digest 525 bp amplicon, giving 256, 162 and 107 bp, while for G allele, 363 and 162 bp (see Table 1 ). PCR were carried out using a T100 thermocycler (BioRad, USA) with three steps: initial denaturation at 95°C for 2 min, followed by 34 cycles, denaturation at 95°C for 30 s, annealing at 60°C for GH and GHR and extension at 72°C for 45 s with final extension cycles at 72°C for 5 min. PCR products were visualised on 1% agarose gel and digested https://doi.org/10.17221/27/2019-CJAS with Bsh1236I (Thermo Scientific, USA) for GH c.-78C>T, HinfI (EURx) for GHR c.106G>C. Digested PCR products were visualised on 4% agarose gel with 100 bp DNA ladder. Allele frequencies and genotypes are presented in Table 2 .
Statistical analysis. Associations between SNPs and quantitative traits were investigated in the analysis of variance using the MIXED procedure of SAS software (Version 9.4, 2014) , specifically, the following models: The significance of differences was determined using the Tukey-Kramer test. Haplotype analysis was performed using Haploview software (Barrett et al. 2005) .
RESULTS
Frequencies of genotypes and alleles for all the analysed breeds are presented in Table 2 . Allele frequencies for GH gene were between 0.28 and 0.85 for C allele, and from 0.15 to 0.72 for T allele. For GHR, G allele frequencies were between 0.35 and 0.77, and for allele C between 0.23 and 0.65. For GH c.-78C>T the frequency of TT genotypes in NZW × BGG was the highest (54.21%) while in BGG we did not identify this genotype at all and in the TER rabbit population TT genotypes were low at 3.1%.
Association analysis. In Table 3 , the association analysis between SNPs and traits is shown for GH gene, in Table 4 for GHR. For GH c.-78C>T, we found that in Belgian Giant Grey rabbits, CT genotypes had statistically lower birth weight compared to CC CT (39) TT (9) P-value CC (32)
CT (67) TT ( genotypes. In terms of slaughter weight of the Belgian Giant Grey rabbit, CC genotypes were characterised by higher slaughter weight than CT (3447 ± 439 g and 3069 ± 261 g, respectively), while in NZW × BGG CT genotypes had higher slaughter weight than CC (2946 ± 458 g and 2725 ± 455 g, respectively). The analysis of carcass cuts showed that weights of the fore, intermediate, and hind part statistically differed in NZW × BGG -CT genotypes had higher weight compared to CC. Moreover, TT genotypes of Termond White had higher fore part weight compared to CC (614 ± 57 g and 553 ± 98 g, respectively) and Belgian Giant Grey had higher hind part weight in CC than in CT genotypes (641 ± 93 g and 542 ± 40 g, respectively). In NZW × BGG, for meat in intermediate part, dissectible fat in intermediate part, and meat in hind part, the CT genotypes were statistically higher than TT, and in the weight of fore part (meat + bones) and dissectible fat in hind part, the CT genotypes were higher than CC. The weight of bones in intermediate part for CT genotype (42.1 ± 9.7 g) of Termond White was higher than that of CC (37.9 ± 14 g). Dissectible fat weight in intermediate part for TT genotype (32.3 ± 14.6 g) was higher than in CC and CT. In Belgian Giant Grey the weights of meat in hind part and bones in hind part for CC genotypes (484 ± 77.8 g and 155 ± 19.4 g, respectively) were higher than those of CT genotypes (406 ± 33.8 g and 133 ± 14.1 g, respectively).
For GHR c.106G>C in the Termond White population, we used only two genotypes in the analysis: GG and GC. The GC genotypes had higher hot carcass weight and chilled carcass weight (1520 ± 161 g and 1492 ± 149 g, respectively) than the GG genotypes (1457 ± 159 g and 1410 ± 155 g, respectively). Moreover, animals with GC genotypes had higher values of hind part weight (544 ± 43 g) and meat in hind part (415 ± 37.4 g) and bones in hind part (126 ± 14 g) compared to GG genotypes (506 ± 52 g, 389 ± 43.3 g and 113 ± 16.3 g, respectively). In Belgian Giant Grey rabbit, statistical differences in body weight at 5 weeks of age were found between GG genotypes and CC genotypes. In GG genotypes the weight of dissectible fat in intermediate part (3.5 ± 4.4 g) and in fore part (6.5 ± 10.5 g) was statistically lower compared to CC and GC genotypes. In the population of NZW × BGG dissectible fat weight in intermediate part was higher in GG genotypes (18.1 ± 12 g) than in CC genotypes (11.5 ± 7.8 g). Table 5 shows information about identified haplotypes in all analysed breeds. Because haplo9 in Termond White and haplo2 and haplo3 in BGG were only one observation, we excluded them from further analysis. In our study in the population of Termond White haplo8 (TT/GG) (34%), and in Belgian Giant Grey and NZW × BGG crossbreeds haplo6 (TT/GC) (33% and 32%, respectively) were identified. In Table 6 we document the association analysis of GH and GHR haplotypes of Belgian Giant Grey, in Table 7 for Termond White rabbits, in Table 8 for NZW × BGG crossbreeds.
DISCUSSION
The association analysis between traits and polymorphisms should contain as much information as Our experiments were conducted in order to analyse the influence of SNPs within GH, GHR genes on growth and carcass traits of medium-sized breed of broiler rabbits -Termond White, large breed -Belgian Giant Grey, and the crossbreed between New Zealand White and Belgian Giant Grey. In beef cattle, Gill et al. (2010) found an association between GH and for instance the eye muscle length. According to Fontanesi et al. (2012) , GH genotype CT showed significantly higher body weight at 70 days of age (2778.83 ± 31.76 g) compared to CC and TT (2720.04 ± 33.91 g and 2693.94 ± 36.18 g, respectively). In our research results for GH c.-78C>T SNP seem to be most interesting. In Belgian Giant Grey, CC genotypes had statistically higher birth weight, weight at 5 weeks of age and slaughter weight compared with CT. Results for the crossbreed NZW × BGG were consistent with findings reported by Fontanesi et al. (2012) , namely, the animals of CT genotype had significantly higher slaughter weight compared to TT. Similar significance was also found for birth weight. In Termond White, the weight of fore part (meat + bones) significantly differed as well as the weight of dissectible bones and fat in intermediate part. We did not find any associations between growth traits and other carcass traits. For Belgian Giant Grey and NZW × BGG, statistically significant differences were found between hot carcass weight and chilled carcass weight. The weights of the fore, intermediate (IP), and hind (HP) part differed statistically in NZW × BGG, while in Belgian Giant Grey a statistically significant difference in the hind part occurred only between CT and Fontanesi et al. (2012) , who used commercial rabbits that were mostly selected from New Zealand White. In the other breed -Belgian Giant Grey -CC and TT genotypes had the highest values of growth and carcass traits. In NZW × BGG, the weight of dissectible fat showed statistically significant differences between CT and TT genotypes in intermediate part, and between CT and CC genotypes in hind part. Moreover, many authors reported correlations between GH polymorphisms and fat-related traits in farm animals (Franco et al. 2005; Barendse et al. 2006; Bahrami et al. 2014) , therefore it should also be taken into consideration when growth traits are the main selection criteria. For GHR c.106 G>C, Zhang et al. (2012) reported lack of correlation between genotypes for 70-day weight, however, for 84-day weight significant differences were found between GG-GC (2613 ± 20 g and 2525 ± 24 g, respectively) and GC-CC https://doi.org/10.17221/27/2019-CJAS (2525 ± 24 g and 2632 ± 43 g, respectively), while in the panel of meat male line Fontanesi et al. (2016) found in 70-day weight that GG genotypes had higher weight at this age. We did not find any correlation with W12 body weight in any of the analysed breeds. For Termond White we revealed that GC genotypes had higher hot carcass weight and chilled carcass weight compared to GG genotypes. Interestingly, for Termond White CG genotypes, the weight of meat in hind part and bones in hind part was statistically higher than in GG genotypes. Therefore, the hind part weight of CG genotypes was statistically higher compared to GG. Hot and cold dressing percentage was found to statistically differ between CG genotypes and GG genotypes. In Belgian Giant Grey, dissectible fat weight in the fore part and in the intermediate part for GG genotypes was statistically lower compared to CG. While their crossbreed NZW × BGG -GG genotypes had higher dissectible fat weight in the intermediate part compared to CC.
For GH c.-78 C>T Fontanesi et al. (2012) stated that CT genotypes had the highest final weight while for GHR c.106 G>C Zhang et al. (2012) found that 84-day weight, eviscerated weight, semi-eviscerated weight, eviscerated slaughter rate, and semi-eviscerated slaughter weight were the highest in CC genotypes. In our study the highest slaughter weight was found in haplo7 (TT/CC) for Belgian Giant Grey (Table 6) , haplo6 (TT/GC) for Termond White (Table 7) and haplo2 (CT/GG) for NZW × BGG crossbreeds (Table 8) and those values differed statistically. Those results compared with data presented in Tables 3  and 4 suggest that using additional molecular markers can lead to an improvement in growth performance (Fontanesi et al. 2012 ). According to Fontanesi et al. (2012) and Zhang et al. (2012) , the CT/GG (haplo2 in the present study) haplotype should be the most favourable. We confirm this hypothesis in the population of NZW × BGG crossbred rabbits. Slaughter weight, weight of meat in intermediate part and in hind part were the highest for haplo2, therefore selection based on SNPs identified within different genes may increase selection efficiency.
CONCLUSION
To conclude, the performed analyses showed that GH1 c.78 C>T, GHR c.106 G>C polymorphisms seem to constitute good markers for growth and carcass traits.
